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PROGRAM SUMMARY

Title ofprogram: MICROIS mentary magnetsin a large three-dimensionalIsing model
system so that the critical inverse temperatureand critical

Cataloguenumber:AADW exponentscanbemeasured.

Programavailablefrom: CPC ProgramLibrary, Queen’sUni- Methodof solution
versityof Belfast,N. Ireland(seeapplicationformin this issue) An essentiallydeterministictechniquecalled themicrocanoni-

cal method with demons[1] is used to obtain equilibriated

Computer: CDC CYBER 170-730(dual processor); Installa- elementarymagnetic configurations.Spin correlations at a
tion: DalhousieUniversityComputerCenter varietyof separationscanbe measured.

Operatingsystem:CDC NOS 2.2 Restrictionson thecomplexityof theprogram
In orderto reducetheerrorson ourmeasurements,reasonably

Programminglanguageused: FORTRAN-77 long run times arerequiredwhich is theonly restrictionon the
useof theprogram.Primarymemoryis not a restrictionasvery

High speedstoragerequired:25 Kwords little memoryis required.

Numberof bits in a word: 60 Typicalrunning time
The test run on an 82 x 120 lattice with 10 iterationsthrough

Peripheralsused: terminal, line printer the lattice, each with 10 sweeps, took 3.2 s on the CDC
CYBER 170-730.

Numberof lines in combinedprogram and restdeck: 452
Reference

Keywords: solid state Ising model, phase transitions, critical [1) M. Creutz, Phys.Rev. Lett. 50 (1983) 1411.
exponents,correlationfunctions,magnetization,microcanoni- G. Bhanot, M. CreutzandH. Neuberger.NucI. Phys.B235
cal methods [FS1I] (1984)417.

Natureof thephysicalproblem
The programcalculatesequilibrium distributions for the ele-

OO1O-4655/86/$03.50© ElsevierSciencePublishersB.V.
(North-HollandPhysicsPublishingDivision)
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LONG WRITE-UP

1. Introduction demon energy would take it out of the allowed
range,the spinflip is rejected.

TheIsing model is one of the simplesttheoreti- Whatare the quantitiesthat we are measuring?
cal modelsconstructedin an attempt to simulate There are various parametersassociatedwith the
the phenomenonof phasetransitions in general ferromagneticphasetransition, not all of equal
andthe ferromagneticphasetransitionin particu- importance.The critical temperatureitself, as well
lar. This model can be solved analytically in two asthe valueof the internalenergyat this tempera-
dimensions[1] and exhibits the kind of behavior ture are relatively unimportantquantitiesbecause
shownby ferromagnets:viz., abovea certaintem- theyare specific to the model and are not related
perature,called the critical temperature,the ele- to any physical systems.They are neverthelessof
mentarymagnetsin a largesampletendto be in a someinterestbecausethey havebeenestimatedby
disorderedstate,so that thereis no net magnetiza- othermethods,so that a comparisoncanbe made.
tion, whereas,below that temperature,the magnets Moreover, they are neededfor calculatingsomeof
tend to order themselvesparallel to one another, the moreimportantquantities.Theseare the criti-
with the effect that thereis a net magnetization. cal exponents.A full discussionof thesecan be
The more realistic three-dimensionalIsing model found in ref. [2].
hasso far eludedanalyticsolution,thoughvarious In a previouspaper[3], a programfor carrying
parametershavebeenestimatedby approximation out three-dimensionalIsing model calculations
techniques.Someof theseapproximationmethods with the microcanonicalmethod with demons[4]
are analytical and can be implementedby hand, was presented.However, this programwas very
but nowadaysthe trendis to simulatethe model machine dependentbeing partly written in the
on a computerand therebyextract its properties. CDC assemblylanguagecode COMPASS.Thus,
As these propertiescan be more reliably de- the program was not transportable.After some
terminedfor larger systems,i.e., for larger num- encouragementfrom our colleagues,we wish to
bersof interactingelementarymagnets,it is obvi- presenta fully transportablecodewritten in stan-
ousthat for betterresultsthereis a needfor larger dard ANSI FORTRAN-77. A discussionof this
computationtimes(and greatermemory). codewill be the objectof the presentpaper.

Wework with the Ising model in 3 dimensions.
On any site i of a 3-dimensionallattice is a spin
variables~which takesvaluesfrom theset {1, — 1). 2. Codedescription
The interaction of thesespins is given by the
Hamiltonian

Theprogramconsistsof the following routines:
H = ~ s~s1, MICROIS (main program), BETA, ENERGY,

(i,j} AMIX, IBCOUNT, MONTE, CORX andCORZ

where {i,j} denotesthe set of all nearestneighbor (seethe flow chart in fig. 1). Theseroutineshave
pairs of sites.The program releasesthe demons, the following functions:
each of which carry small amountsof energy 1) MICROIS is the main driver routine. This
aroundthe lattice.As with the usualMonte Carlo routine initializes the programparameterssuch
simulations, the path through the lattice is arbi- as the lattice size andthe totalenergyperbond,
trary. We hop through the lattice in an orderly initiates the simulation and measuringproce-
mannerwith big stepsof a few tensof sites. Upon dures.
reachinga sitea demonattemptsto flip the corre- 2) BETA finds the inversetemperature$ given an
spondingspin. If thechangein the spin energycan averagedemonenergyE.
be absorbedby the demon,it acceptsthe flip. If, 3) ENERGY measuresthe lattice energy.
on the other hand, the resulting changein the 4) AMIX randomlypermutesbits.
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C ~ ) The demonenergyandmagnetizationare mea-sured.
I1,itioijoe lottice,np~noo,d6no,on1 7) CORX counts the antiparallelspins separated

~n:t~n:I8COUNTOfldENER~Y1 by N sitesin the x—direction.
Iic,on’bi, dio’o~n ,ondo,,Iy by fonctin, XMn I 8) COR..Z counts the antiparallel spins separated

— ~ ~ I by N sitesin the z-direction.
ILo~otnnoiyhborn I A listing of the code,togetherwith detailedcorn-
IchocA if demo,, ‘on flip ~ I ments,is presentedat the endof thepaper.A brief
loccnpt/,ojnoi ~ descriptionof theseroutineswasgivenin ref. [3].

MONTE ISc,o~bI,du,ons I The CDC CYBER 170-730,on which the code
[~!nc,. de,00,.,o,fpo,dc000t,pi,n (o,oy,.fiooti,n) I was developed,is a 60—bit word length machine.

B The industrial standardis now words of 64 bits.
npi,-oc,dOl ~“ To convertthe codeat theendof the paperfrom a

No 60-bit to a 64-bitword length,theusermustmake
the following alterations:

to ,npo,f
MO TE

No line 22 120 becomes128

________________ line 49 45 becomes48
COAX line 50 120 becomes128

- ~npi,-no,d line 52 30 becomes 32
Find npi,—nc,dco,,nnpcodin~ line 57 60 becomes 64
I!~,n~,edOOpOtOt~OO line 62 59 becomes 63
IiOnnnts cnrr,l.t,o,n I I

I line 72 45 becomes48
COAX n,p~o’f~o,n? Ysf_

1 line 77 120 becomes128

line 141 60 becomes64
No line 146 60 becomes 64

Von - line 147 30 becomes 32
____________________ line 159 30 becomes 32

lo’t’’, i,o~,,.,n. tetope,ofo,s BETA by cniti~B f,,ctic, BETA I line 265 59 becomes 63
WinA line 282 180 becomes192

MONTE nod CON line 295 30 becomes 32
line 300 60 becomes 64

Binh 60 becomes 64
Tnn

cc,t.lotio,n? line 319 15 becomes 16

No line 322 15 becomes 16
~~~lofn pt,ynico I qoontitlon (f.n,pn,oto,.,n,oq,.fiootico nod co,~i~icn,i] line 323 30 becomes 32

Blob 45 becomes 48
to ,epsot VII line 373 58 becomes62

No line 383 23 becomes 27
Coitniol, ooet, yin of pttyOiCOl qon~i~ii,n

SubroutineIBCOUNT is a very computeinten-
sive part of the codebeing called very often. To

Fig. 1. Schematicflow chart of the three-dimensionalIsing obtaina really efficient codeon a scalarcomputer,
model program. this routine should be written in assembly lan-

guage.A COMPASSversionof this subroutineis
5) IBCOUNT counts the bits that are set in the containedin ref. [2]. SomealternateFORTRAN

bit string Y. versionscanbe found in theappendix.
6) MONTE carriesout onesweepover the lattice. Somepreliminary resultsof possiblemeasure-
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Fig. 2. The nearestneighborcorrelation in the three-dimen- Fig. 3. The correlationfunctionsfor separationin thethree-di-
sional Ising model (128x 128 x 120 lattice) near the critical mensionalIsing model (128x 128x 120 lattice) nearthecritical
inverse temperatureasa functionof the inverse temperature.

inverse temperatureasa functionof thesite separationri,.
The opencircles representthe results of the SantaBarbara
Ising Model machine[5] usinga 64~lattice.

latticesin order to obtainhigh-gradestatisticsand
thus allow- us to makeaccuratemeasurementsof

mentsof the three-dimensionalIsing model on a the critical inverse temperatureand the critical
128 x 128 x 120 lattice at the critical inversetern- exponents.Results on this work will be reported
perature$~= 0.2217 are shown in figs. 2—4. The shortly.
resultswere obtainedon a CDC 7600. Thesere-
sults are included to indicate the potential of the I

LATTICE 0128 x128 x120method. In fig. 2 we presentdataon the nearest r(r)= C(rI/C(2rI

neighborcorrelationnearthe critical inversetern- -

perature.Each datapoint is the result of 10000
iterations through the lattice with the averaging ~ ~/30O 22126

procedurecarriedout overthe last9000 iterations. 0
0 ~8°0.22l4I f t70.04

The error barsare in the inversetemperature$ 2 °

becauseof the useof the microcanonicalmethod. f$~O22I63 I
Fig. 3 shows the correlation of spins near the L 0 -

critical inversetemperature.At the critical inverse 0 0 0/30022184

temperature~ this is expectedto behavelike -

C($~)--1/r’~’7,

wherei~is a characteristicparameterof themodel.
The results for ~ = 0.0 and 0.04 are shown in fig. I I I I

0 5 0 15 20
3. The ratios of correlation functions near the rZ
critical inverse temperatureare shown in fig. 4. Fig. 4. The ratio of correlation functionsin the three-dimen-

Thevaluecorrespondingto ~ = 0.04is alsoshown. sional Ising model (128X 128 )< 120 lattice) near the critical

Our presentplansinvolve runningour program inverse temperaturefor separationsr and 2 r as a function of
for anything up to 1 M iterations through large site separationr~.
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For analternateapproachto the 3-dimensional where,whengoing from a 60-bit to a 64-bit word
Ising model,seeref. [6]. length machine,the 30 in lines310 and311 would

become 32. Another version would replace the
body of this routineby the code
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PROGRAM LISTING
* “~J0RLOOP STOATS 0102

0103

* 2iii~_~I~t2!i 0001 00 11 MEAS’l.NDATCII 0104
0002 0105

* THIS IS A FORTRAN PROGRAM FOR STUDYING 0003 PRINT’ 0106
* CORRELATION FUNCTIONS OF THE THREE—DIMENSIONAL 0004 PRINT

0 0107
* 15190 MODEL ON A SIMPLE CUBIC LATTICE 0000 PRINT’, OVERAGE OVER ,NIT, ITERATIONS 0108
* BY TOE MICROCANONICALMETHOD 0006 •.‘ .EACH WITH .NSWEEP.’ SWEEPS 0109

FOR DETAILED INFORMATION AND REFERENCESSEE THE PAPER 0007 0110
* ‘FORTRAN CODE FOR THE THREE—DIMENSIONAL 0008 lEO—IS—S 0111

ISING MODEL” 0009 0117
* BA M. CREUTZ. DEPARTMENT OF PHYSICS. 0010 DO 6 1—1,3 0113
* BROOKHAVENNATIONAL LABORATORY. 0011 6 ICORRIII—O 0114
* UPTON, LONG ISLAND. NEW YORK. 11973 AND 0012 0115
* K.J.M. MORIARTY. INSTITUTE FOR COMPUTATIONAL 0013 * ROTE THE TIME —— MONITOR SPEED OF PROGRAM 0116
* STUDIES. DEPARTMENT OF MATHEMATICS, STATISTICS 0014 1—SECOND)) 0117
* AND COMPUTING SCIENCE. DALHOUSIE 0015 0118
* UNIAERSITY. HALIFAX, NASA SCOTIA B3H 468. 0016 DC A ITEM—i .NIT 0119
* CANADA 0017 0120

0018 DO 7 NOW—i .RSWEEP 0121
* 1. INITIALIZINO THE PROGRAM 0019 0122
* 0074 * SCRAMBLE DEMONS RANDOMLY 0123
* THE VARIABLES 18,18 DETERMINETHELATTICE SIZE, 0021 DMN1’AMIX(DMNT) 0124
* WHICH IS IXIY’lZO 0022 DMN2’AMIR(DMN2) V1ZS
* ARRAY SPIN SMOULDHAVE DIMENSION Z’IOiA 0023 0126
* NOTE TMAT THIS HOLDS ALSO FOR FANCTION ENERGY 0024 CALL MONTE)DMN1.DMN2.SPIN,IO,IMAX,ISUM.IMAGI 0121
* AND SUBROUTINES MONTE,CORR.CORZ 0025 0120
* THIS PROGRAM MEASURESCORRELATIONS FOR 3 SEPARATIONS 0026 IED’IED*ISAM 0129

NII),N)2I.N(3) ARE TO BE SET TO THE DESIRED SEPARATIONS 0027 7 IS’IS*IMOS 0130
0000 0131

* CORRELATIONS IN 0—DIRECTION ARE BEING MEASURED 0029 IF(MEAS.EQ.1)GOTO o 0132
* CORRELATIONS IN Z-DIRECTION MAY BE MEASURED BA 0030 0133
* USING SUBROUTINE CORZ PBOAIDEO(BUT NOT USED HEREI 0031 CALL CORO)SPIN.IMAX,N.ICI 8134

0832 0135
DIMENSION SPIN(128) 0033 ICDRR)1I—ICORR)1).IC)1) 0136
DIMENSION N)3I.IC)DI.CS(3I.CS2(3),ICORR)3).CURR)3I 0034 ICOBRI2)—ICORRI2)+IC)2) 0137

0035 ICORR)3I’ICORR(D)-olC)S) 0130
IA—IS—A 0036 0 CONTINUE 0139

0037 0140
911)—IA/A 0038 PATE—IMAANITNSWEEP’HO/)1.E6’)SECONDQ—T)) 0141
N)2)’IA/Z 0039 PRINT*. RUNNING AT ‘ ,RATE.’ MFLIPS ‘ 0142
N)3)’)IX*IY’IY)/2 0040 0143

0041 * CALCULATEVA. DEMON ENERGYAND MASNETIZATION 0144
IMAA-2’IO’IY 0042 0145

0043 EO_IED/I6O.*NSWEEP*NIT*IMWU) 0146
* 2. INITIALIZING THE SPINS 0044 S—i.~IS/)3O.’NSWEEP’NIT’IMA0) 0147

004S 0148
* PARAMETERE DETERMINES APPROR. TOTAL ENEMAS PER BOND 0046 * DETERMINEBETA AND SISJ 0149

0047 0150
E’.655 0048 BET’BETA)ED) 0151
IE’2I1ITIE1PAX’45) 0049 SISJ_T._ETOT+4*EO/I3,*IMAO) 0152
KD.IIE—12U—IMAAI/16 0050 PRINT’. BETA— .BEO, SISJ— ‘ .SISJ 0153
DO 1 1—1.16558 0051 PRINT’.’ MAGNETIZATION— ‘.5 0164

1 SPIN)I)’MGSK)30) 0052 IF (MEAS.ET.1)GOTO ii 0155
IM4*IMAA/A 0053 * OTHERWISE CALCOLUTE CORRELATIONS 0156
KT’KA/IMA 0054 0157
DO 2 I’4.IMAA.4 0055 DO 9 1—1.3 0158
SPIN)I)—SHIFT)SPIN)I).K1I 005A CORR)I)’i._ICORR)I)/13O.’NIT’IMYOI 0159

2 SFIN)1—3)’SHIFT(SPIN)I—3).6O—Ki) 0007 0160
K2-4’MOD(KO.IM4I 0050 PRINT’.’ CORR)IA/4)* ‘ .CORR)1) O1HT
IF)K2.Eif.O)GOTO 4 0059 PRINT*, CORR(IX/2)’ ‘ ,CORR(2) 0162
DO 3 I—4,K2,4 0060 PRINT’.’ CORA)IA/2.IY/2) .CORR(31 0163
SPIN)I)—SHIFT)SPIN)I).i 1 0061 0164

3 SPIN)I—D).SHIFT(SPIN)I—D).59) 0067 — ACCUMULATERESULTS OF MEASUREMENT 0165
4 NFLIP2*MINO)2*IU.K2,IMAG_K2)+IMAA,16(K1*IMA*KZ/4I 0063 0166

0064 0167
BS’BS+BET

— 3. INITIALIZING THE DEMONS 0065 BSZ,B52*BET**2 0160
0060 AMS’#UlS+S 0169

DTIN1.RRASK()IE—NFLIP)/2) 0067 AMS2_AMS2+S**2 0170
DM52—S. OO6A 0171

0069 DO f5 9f1 3 0172
— 4. MEASURING INITIAL ENERGIES 0070 CS)M)’CS)IR)+CORA)M) 0173

0071 ~ C52)ff)—CS2(M)OCORA(M)’2 0174

EO—IACDUNT)DMNT)/145.’IMAA) 0072 0175
E—ENEROA)SPIN,18.IMAA) 0073 * CALCULATERATIOS OF CORRELATIONS 0176
ETOT—EOED 0074 0177
PRINT0 0075 Bi.Ri.CORRI1I/CURAIZ) 0178
PRINT0 0076 N2—R2*CORR(2)/C000)3) 0179
pRiNT’.’ LATTICE SIZE, ‘.10.’ 0 ‘.10.’ V 120’ 0077 R1E,RTEb-)COAR)T)/CORR)Ufl’Z 0100
PRINT’ 0070 R2E,R2E*)CORR)2I/CORR(3))*02 0101
PRINT’ 0079 11 CONTINUE 0182
PRINT’.’ ELATT ‘ ,E,’ EDEM’ ‘ .EO 0080 O1AD
PRINT’.’ ETOT- ‘.ETOT 0001 * MAJOR LOOP OVER 0184

0002 8185
* N. SIPWILATION 0083 * 6. FINAL CALCULATIONS 0186

0004 0187
* THREE ITERATION PARAMETERSARE IN8DLAED: 0005 BS—BS/ABATCH 8188

SWEEPNSWEEPTIR~S.MEASURIP1ADEMON ENERGY AND 0086 BSZ_SQRT(IBSZ/ABHTCH—BS*’ZI/)ARATCHl.I) 0189
- MAGNETIZATIONWITHIN MONTEITMIS CAN BE SUPPRESSES 0087 ABIS’AMS/ABHTCH 0190
* 89 REMOVINGTWO LINES IN MONTEI 0088 N152*SORT(IAMSZ/ABWTCM—ARS’Z)/(RRATCM-l.)) 0191
o THEN MEASURE C080ELATIONS(EUCEPT AFTER 1ST SET OF SWEEPS) 0089 0192
* CALCULATE AAERAGES AFTER NIT MEASUREMENTS 0090 PRINT’ , 0193
* REPEAT NBATCH TIMES AND FIND GRANDAVERAGES 0091 PRIIIT. ~‘ AOERAGESAFTER DISCARDING FIPOT BATCH 0*0 ‘ 0194

0092 PAINT’. 00. NEOA ‘.BS. +/— ‘.002 0196
NSWEEP—1U 0093 PRINT0,’ AA. RAG.’ ‘,AMS.’ •/- ‘.92452 0196
NIT’lA 0094 0197
NBATCH—S GG95 DO 12 M—1.3 0190

0096 CS(M)—CS)M)/AOATCH 0199
ABATCH-1.’NBATCH—l. 0097 12 C52)MI,SGRT((CS2)M)/ABATCH_CSIM)*_2)/)ABUTCH_1.)) 8200
BS—BS2—UMS-02452O. 0090 0201
R1.R2—R1E’R2E~O. 0099 PRINT’.’ 80. CORR(IR/4) ‘ .CSI1).’ +1— ‘.CS2(1) 0202
005 1—1,3 0100 PRINT’.’ AU. CORR)I0/2) ‘.CS)2),’ ~1—‘.CS2(2) 0203

N CS)II.CS2)II’U. 0101 PRINT.’ AV. CORN)IU/2,IA/2) ‘.0513).’ 0/— ‘.052)3) 0204
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R1-Ri/AOATCH 0205 FU1~CIIOil IBCDOF1T)A) 0304
R2-R2/ABATCH 0206 0305
R1E’SQRTI(RlE/ABATCH-RlZI/(ABATCA—l.I) 0207 * THIS FUNCTION RETURNS THE NUMBEROF SET 0306
R2E_SQRT(IR2E/ABATCH_R2**2)/(ABATCH_1.)) 020B * BOTS IN WORD0 0307

0209 * 0300
PRINT.’ CORR)IO/4)/CORR(IU/2) ‘,Rl,’ 4/- ‘,RlE 0210 ‘ IT 15 AWKWARDTO 00 THIS IN FORTRAN; IT 0309
PRINT*, CORR(IO/2I/CORRIIO/2,IO/2)’ ‘,R2.’ 4/~ ‘ .R2E 0211 — WOULD BE BETTER TO WRITE 85 EQUIAALENT D31O
PRINT’ 0212 * FUNCTION 18 ASSEMBLY LANGUASE 0311
PRINT’ 0213 * 0312

0214 * FOR A 64-BIT MACHINE, CHANGE15 TA 1W, 30 TO 0313
STOP 0215 * 32, 45 TO 48 AND CHANGE 0314
END 0216 * 1000010008T0000TOCTAL TO 1000T00010001MEO 0315

0217 * 0316
0218 IBCOANT’O 0317
0219 0—0 0318
0220 DO 1 9-1,15 0319
0221 IRCOUNT—IBCOUNT+ANDIO”lOOODlOOOOiDOOGl”.O) 0320

* FUNCTIONBETA~E) 0222 1 Y—SHIFT)Y,1I 0321
0223 IBCOUNT—AND(IIBCOG1IT~SMIFTIIBCOUNT,15) D322

* FINDS BETA GIVING AVERAGE DEMON ENERGYE 0224 O4SHIFT(IBCOUNT.30)+SHIFT(IBCOU1IT,45I),127) 0323
0225 RETURN 0324

~F(O),)O.2*A**2+3*U**3)/I14O+U**2*O**3) 0226 END 0325
OL-A 0227
OH1.S 0228 0326

0229 0327
DO 1 9—1,50 0230 0328
ON’(AL+VM)’.5 0231 SUBROUTINE MONTEjaNN1~DMN2~SPIN,IO

0IMRO1ISUB~IMA0l 0329
FN’F(UN) 0232 * 0330
IF IFN.GT.E)DN—ON 0233 * MONTE CARRIES OUT ONE SWEEP OVER THE LATTICE 0331

IF (FN.LT.E)BL’XN 8234 * DEMON ENERGY AND MAGNETIZATIUB ARE MEASURED IN LINES 0332
0235 * ISIJI’ISUM+... AND IMAB—IMAG+... 0333

BETA——ALOG(ON)/4 0236 * ThESE LINES MRS BE DROPPED TO SPEED UP SIMULATION 0334
0237 0335

RETURN 0238 DIMENSION SPIN(128),SNBR(6),MBR(4) 0336
END 0239 * ONANGEDIMENSION OF 5PIN IF NECESSARY 8337

0240 0330
0241 IHOP—11 0339
0242 * THIS IS THE STEP SIZE OF DEMONS 0390
0243 * IHOP AND IMAO MUST BE RELATIAELY PRIME 0341

* FUNCTIONEFIERGYLSPINWIV,IMAOI 0244 0342
0245 ISUM’IMAG—O 0343

* MEASURESLATTICE ENERGY 0246 JSIIIFT=i 0344
0247 0345

* CHARGEDIMENSION OF SPIN IF CHANGE LATTICE SIZE 0240 NROW’l 0346
0249 0347

OIMONSION SPIN(128).B(6) 0250 * LOCATE NBRS IN 0— AND 9—DIRECTIONS 0348
0251 NBR(1)3 0349

N1’3 0252 NBR(2)~2*1O+1 0350
N2’2

0IU41 0253 N~R(3)*IMAO—2’IO+1 0351
N3—IMAU—2’IU*l 0254 NBR(4)—IMAU—1 0352
N4—IMAX—1 0255 0353
JSHIFT-1 0256 — START SIMULATION 0354
XE—U 0257 0355
DO 2 NRDW*T.IMAA 0250 1 DP1—CEI~L(~IN1) 0356
ASLD-SPIN)000W) 0259 DP2—XOR(UBN1.0B192) 0357
B(T)’SPIN)Nl) 0260 ACCEPT’AIlOIOMNl,DRNZ) 0350
B(2 —SPIN(N2) 0261 OLD—SPIN)NRON) 0359
813 —SPININ3) 0262 0368
BI4 —SPIN(N4I 0263 DO 2 M—T.4 0361
B(SI—SPININROW+JSHIFT) 0264 SNBR(M)’SPININBRIM)) 0362
C—SHIFT)BI5),69) OZ6A 2 NBR(I4)’NBR(M)OIMOP 0363
B16)SHIFT(C.JSHIFTo-1) 0266 IF (NBR(41.LE.IMAX)GOT0 4 0364
N1-N141 0267 3 NBRONE—NBR(4I 0365
NZ—NZ-f1 0268 NBR(4)—NBR)3I 0366
N3N341 D269 NBR(3I-NBRI2) 0367
114’N4+1 0270 NBR(2)*NBRI1I 0360
IF(94.LE.Il’INO)UOTO 1 0271 NBR(1)’NBRDND-IMHU 0369
N5—N4 0272 IF(NBR)4).GT.IIHAU)GOTD 3 0370
NAND 0273 4 SNBR(5I—SPININRUB4JSHIFE) 0371
N3*N2 0274 SNRR(6)’SHIFT(SNBR(S),l) 037Z
N2’NT 0275 IF(JSHIFT.EQ.—1 ISNBR(6)’SHIFT(SNBRI6).5BI 0373
N1-N5—IMAU 0276 JSHIFT’—JSHIPT 0374

JSNIFT—JSHIFT 0Z77 DO 5 NEBR—1,6 0375
0270 C—GORIOLD.SNBN(NEBR)) 0376

DG 2 NBR-i,6 0279 ACCEPT’XXRIACCEPT.ANDIC,DPT,DpZ)) 0377
IE-IE’-IBCOUNT)OORIAOLD,B)NBRfl) 0280 DP2—AOR)DpZ,ANOIC,Dp1)I 0378

0201 5 DP1-OOR)DP1,C) 0379
ENERGY—IE/I 1940*100,) 0202 * ACCEPTCHANGES WHEREAPPLICABLE AND SCRAMBLEDEMONS 0380

0283 SPININROWI’OOR(OLD,ACCEPT) 0381
RETURN 0284 DMN1-SHIFTIOR(AND)~41l1,COMpLIACCEpT)).AND(Dp1,0CCEpTI).37) 0362
END 0285 DMN2-SHIPT(OR(ANOIDMBI2,COMPLIACCEPT)) ,AND(DP2,ACCEPT)) .23)

0287 * TINE NEXT TWO LINES MEASURE DEMON ENERGY AND MAGNETIZATION 0385
0288 ISUM’ISOM4IBCOGMT(DPQIT )+2’IBCOUNT(~Qj2) . 0386
0209 1MRG’IMHG+IBCOIJNT(SPININROW)) 0387

— FuNcTION ANIojoBRl~ 0290 0388
- 0291 NRIM-NROW+IHOP 0389

0 PERMUTESBITS SEMI—RANDONLY ~~i~i~01500° 1

L_INT(300RANFII) 0294 IF(NROW.NE.1)GOTO 1 0392
P1MASK(L),AND,IJMBI 5 0393
P2—MASK(LI,AND,5HIFTIDHRN,LI 0296 RETURN 0394
P3-(.NOT,MA5K(2’LI),AND,DMN 0290 END 0395

AMIU—SHIFT(P2.OR,5MIFT(p] ,WO—LI,OR.P3.INTI6OTHAJIFffl) 0396

RETURN 0399
END 0303
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TEST RUN OUTPUT

* 1~lt!I!~i_c21!h!~t1h)~i 0400 LATTICE SIZE: 8 0 8 0 120

8~8~
* COUNTSANTIPARALLEL SPINS SEPARATED BA N SITES 0403 ELATTo .6472222222222 EDEM= .007638888880089
o IN THE U DIRECTION AND PLACES RESULTS IN IC 0404

0405 ETOT= .6548611111111
* IF N EACEEDS IO.SEPARATION DEAELOPS COMPONENTIN A DIRECTION 0406

0407 AVERAGE OVER 10 ITERATIONS,EACH WITH 10 SWEEPS
DIMENSION SP1N1128).N(3),ICI3).NBR)3) 0408 RUNNING AT .1299052774019 MFLIPS

* CHANGEDIMENSION OF SPIN IF REYUIRED 0409 BETA= .2224865020859 515J0 .351177992079
0410

IC(1 I-ICI2)’IC(D)’D MAGNETIZATION’ —.01 216927083333
DO 1 NAOW-T,IMUA 0412
DO 1 M-T,3 0413 AVERAGE OVER 10 ITERATIONS,EACH WITH 10 SWEEPS
NBRIM).NROW4NIM)’Z 0414 RUNNING AT .1190882307334 MFLIPS
IF (NBR(M).BT. IMAO)NBR)M)-NBR(M)-IMVU 0415 BETAo .2201331 059427 SISJ= .3512470296224

1 IC(M)—IC(M)*IBC0ANT(IOR(SPIN)NROWI,SP1N)NBR)M~I) 0416
0417 MAGNETIZATION’ .04059635416667

RETURN O41A CORR(IX/4)’ .1951041666667
END O4T9 CORR(IO/2)* .1347916666667

0420 CORR(IX/2,IY/2)= .1169791666667
0421
0422
0423 AVERAGE OVER 10 ITERATIOIIS,EACH WITH 10 SWEEPS

~ V424 RUNNING AT .1193658688219 MFLIPS0425 BETA= .2213917811617 SISJ0 .351210015191
0426

— COUNTS ANTIPARALLEL SPINS SEPARATED BY N SITES 0427 MAGNETIZATIONo .061984375
— IN THE Z DIRECTION AND PLACES RESULTS IN IC 0420 CORR(IO/4)* .1896875
— ONLY EVEN AALUES DF N ARE CONSIDEREDAEOE 0429 COAt) 10/2) = .1297916666667

0430
DIMENSION SPIN(T2U) ,N(3) ,IC(D) .SNBR)3) 0431 CORR( 10/2 ,IY/2)= .1181770833333

* CHANGE DIMENSION OF SPIN IF REI1UIRED 2432
0433 AVERAGEOVER 10 ITERATIONS,EACH WITH 10 SWEEPS

IC)1)-IC)2)-IC(3)-O 0434 RUNNING AT .1227425283682 IIFLIPS
0435 BETA’ .2216398346272 SISJ= .3512027452257

DO 1 NROW-T .IMAA 043A
DO 1 M-l.3 0437 MAGNETIZATIONO .001078124999999
SNBR(M)’SHIFT(SPIN)NR92H) .5011/2) 0438 CORR(10/4)0 .1961458333333

1 IC(MI’IC(M)+IBCOONT(UOR(SPIN(NROW) ,SNBR)M))) 0439 CORR(10/2 )= .1433854166667
0440 cORR(Ix/2.IY/2)’ .1174479166667

RETURN 0441
END 0442

AVERAGE OVER 10 ITEMTIONS.EACH WITH 10 SWEEPS
RUNNING AT .121769462502 MFLIPS
BETA= .2212017631939 SISJ’ .3512155897352
~tAGNETIZATION*—.1140026041667
CORR( 10/4 )= .1984895833333
CORR(IO/2)= .1356770833333
CORR(I012,IY/2)= .1197395833333

*** AVERAGESAFTER DISCARDING FIRST BATCH ***

AV. BETA= .2210916212314 +1- .0003318529697922
AV. MAG.0 -.0005859374999986 ~/- .04000005333508
AV. CORR(IX/4)* .1948567708333 +1— .001862828817412
AV. CORR(IX/2)= .1359114583333 +1— .002808035615709
AV. CORR(IX/2,IY/2)= .1180859375 +1— .0006037980047396
CORR(IO/4)/CORR(IX/2)= 1.43496114271 +/- .022604573658
CORR(IU/2)/CORR(IX/2,IY/2)’ 1.151123951271 +1— .02578625076771


